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CHEMICAL DEPOSITION OF DIAMOND 

BACKGROUND OF THE INVENTION 

The present invention relates to the manufacture of 
diamond material and more particularly to chemical 
vapor deposition of diamond and diamond ?lms. 
Low pressure chemical vapor deposition (CVD) of 

diamond is an emerging technology with numerous 
' potential applications. Serious efforts have been made 
to understand the mechanism for diamond formation 
under CVD conditions. A number of observations on 
the conditions favoring growth have been reported and 
mechanisms for the growth have been proposed. Prior 
known methods of diamond CVD employ a means of 
forming free radicals in a precursor gas, and it has been 
proposed that a key aspect of diamond CVD is the 
removal of non-diamond carbon by atomic hydrogen. 
Free radicals are also believed to participate in the 

mechanism for diamond formation. By one proposed 
mechanism abstraction of a hydrogen creates a radical 
site on the growth surface. The growth is thought to 
proceed by addition of acetylene molecules. This pro 
posed mechanism relies entirely on neutral species to 
initiate and propagate the growth. 
An alternative proposed mechanism relies on a posi 

tive methyl ion to initiate the reaction. Growth of the 
diamond can then proceed with the addition of methyl 
radicals, as long as a positive charge is maintained on 
the substrate surface. This may provide an explanation 
for the observed effect of substrate potential on growth 
rate. 
At least one researcher has reported evidence that 

negative ions can promote the formation of diamond. 
Pulsed plasma diamond crystallization experiments 
showed that diamond and graphite contents of the ?lms 
varied with position of the substrate in the apparatus. 
Analysis of the chemical content of the plasma indi 
cated that C=C molecules favor the formation of 
graphite, while C- ions were found where diamond 
formation was favored. 
Japan Patent No. 63159292 illustrates the use of a 

high temperature mesh apparatus for exiting at high 
voltages the raw gas material in a large space. US. Pat. 
No. 3,961,103 shows a method and apparatus for depos 
iting a thin ?lm of material upon a base substrate includ 
ing a glow discharge ion source. 
The known processes for deposition suffer a number 

of disadvantages including the inability to create coat 
ing on selectedareas of a substrate. During the use of 
electronic devices, heat is generated that must be dis 
persed. Diamond is both an electrical insulator and 
semiconductor and a heat conductor that would be 
useful in electronic devices if the diamond could be 
deposited in selected areas in appropriate patterns on 

- the device. Moreover, in the coating of cutting tools, 
increased coating ?lm thickness sometimes occurs at the 
corners or edges of the cutting tool. These thickened or 
bulb regions of the coating may be structurally weaker 
than the thinner regions of the coating. Moreover, the 
formation of the bulb may cause undesirable dimen 
sional inaccuracies in the cutting tool and inthe work 
piece cut using the cutting tool. 

SUMMARY OF THE INVENTION 

The disadvantages of the prior art are alleviated to a 
great extent by the present invention which provides a 
method and apparatus including a method for the chem 
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ical vapor deposition of diamond on a substrate com 
prising the steps of supplying hydrogen atoms and car 
bon-containing species in an electric ?eld positively 
biased towards the substrate in a low pressure atmo 
sphere with the substrate having a temperature suitable 
for chemical vapor deposition. In one aspect, the 
method includes the step of using an electrically 
charged grid to direct the propagation of the negative 
species to selected regions of the substrate. In another 
aspect of the invention, the method includes the step of 
maintaining the pressure and voltages to suppress ther 
mionic emission discharge to the substrate. In another 
aspect, the carbon-containing species are formed by 
introducing a gas having a plurality of carbon contain 
ing molecules to a ?rst chamber region on one side of 
said grid to contact a ?lament heated to a dissociation 
temperature suf?cient to dissociate at least some of said 
carbon-containing molecules into a plurality of acti 
vated species. 
The apparatus includes a container having a chamber 

sealed sufficiently to be evacuated to a sub-atmospheric 
pressure, a support positioned within the container, a 
grid extending within the container to divide it into a 
?rst chamber region and a second chamber region, a 
grid bias supply for creating an electric charge on the 
grid, a source of activated chemical species to the ?rst 
chamber region, a counter electrode positioned within 
the ?rst chamber region, a counter electrode bias supply 
for creating an electric charge on the counter electrode, 
a substrate on which diamond crystals can grow and 
positioned in the second chamber region, a substrate 
bias supply for creating an electric charge on the sub 
strate, and a substrate heater for heating the substrate to 
a temperature suf?cient for the formation of diamond 
crystals. . 

In one aspect of the invention the source of activated 
chemical species includes a ?lament and source of a gas 
including a plurality of carbon-containing molecules to 
contact the ?lament and a ?lament heater for heating 
the ?lament to a temperature sufficient to dissociate at 
least some of the carbon containing molecules into a 
plurality of activated species. 

In another aspect of the invention the ?lament func 
tions as the counter electrode. 

In one aspect of the invention the counter electrode 
bias, the grid bias and the substrate bias are indepen 
dently controlled. The counter electrode bias is main 
tained at a negative electric potential, the grid bias is 
maintained at a positive electric potential and the sub 
strate bias is maintained at a positive electric potential 
greater than the grid bias. 

In another aspect of the invention the grid has an 
aperture through which activated species can pass to be 
deposited on the substrate to form diamond in a prede 
termined area proximate the aperture. In creating a 
pattern, such as an electronic device, the aperture or 
apertures, may be con?gured in desired patterns to 
selectively deposit diamond in corresponding patterns. 
In another aspect of the invention the grid includes a 
rod which suppresses the formation of diamond on 
areas of the substrate proximate the rod. The rod is 
positioned at selected regions of the substrate on which 
diamond deposition is to be suppressed. In coating a 
cutting tool the'wire may be located in the region of the 
corner of the cutting tool to suppress the formation of a 
thickened ?lm or bulb at the corner. 
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This method and apparatus provides the activated 
chemical species in the gas, and does not have the com 
plicating factors of high frequency alternatinq ?elds, 
high energy electrons and ions, unknown (?oating) 
substrate potential or high electron temperatures associ 
ated with other techniques. Since hot ?lament chemical 
vapor deposition (HFCVD) produces only pyrolysis 
products, thermal electrons, and a small number of ions, 
simple DC experiments can be designed to provide 
relatively unambiguous information about the nature of 
the growth process. 

It is the object of the present invention to provide a 
method and apparatus for the deposition of diamond on 
a substrate. ' 

It is another object of the present invention to pro 
vide a method and apparatus for the deposition of 
diamond in a controlled manner. 

It is a further object of the present invention to pro 
vide a method and apparatus for the deposition of 
diamond on a substrate with the foregoing advantages 
and in which the rate of deposition can be controlled. 

It is yet another object of the present invention to 
provide a method and apparatus for the deposition of 
diamond on a substrate in which the uniformity of 
thickness of the coating can be controlled. 

It is still another object of the present invention to 
provide a method and apparatus for the deposition of 
diamond on a substrate in which the deposition pattern 
of the coating can be controlled. 

It is still a further object of the present invention to 
provide a method and apparatus for the deposition of 
diamond on a substrate in which the deposition of the 
coating can be suppressed in selected areas. 

It is another object of the present invention to pro 
vide a method and apparatus for the deposition of 
diamond on a substrate with the foregoing advantages 
and in which the deposition of coating is selectively 
controlled in the manufacture of an electronic device. 

It is another object of the present invention to pro 
vide a method and ‘apparatus for the deposition of 
diamond on a substrate with the foregoing advantages 
and in which the deposition of coating is selectively 
controlled on a cutting tool. 
Other objects and advantages of the present invention 

will become readily apparent from the following de 
scription and drawings which illustrate preferred em 
bodiments of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic side view of a deposition appa 
ratus according to the present invention. 
FIG. 2 is a schematic view of the ?lament, grid and 

substrate of the apparatus of FIG. 1. 
FIG. 3 is a schematic view showing deposition using 

a rod according to the present invention. 
FIG. 4 is a schematic view of a coating deposit on a 

cutting tool edge using a prior art coating system. 
FIG. 5 is a schematic view of a geometry for deposit 

ing onto a cutting tool edge according to the present 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT 

Refer now to FIG. 1 there being shown an apparatus, 
generally designated by reference numeral 10, for the 
deposition of diamond according to the present inven 
tion. The deposition apparatus 10 includes a deposition 
chamber 19 having a circular steel plate ?rst container 
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4 
end 12 and a circular steel plate second container end 14 
which attached to the ends of a hollow cylindrical glass 
container wall 16. The container wall 16 should prefera 
bly be composed of an electrically insulating material. 
The container wall 16 and the container ends 12 and 14 
form a deposition chamber 15. The seals between the 
container wall 16 and the container ends 12 and 14, as 
well as the seals of any conduits or wires protruding 
through the container walls or ends, should be sufficient 
so that a sufficiently low pressure which is required for 
the diamond formation process of the present invention 
can be maintained. 
A support rod 18 is attached to and extends between 

the container ends 12 and 14 within the deposition 
chamber 15 and various components of the deposition 
apparatus 10 are attached to the support rod 18. Alter 
natively, other support apparatus that can maintain the 
desired spacial relationship of the components of the 
deposition apparatus 10 may be used. 
A ?lament 20 is mounted between a ?rst ?lament 

holder 22 and a second ?lament holder 24 which are 
both attached to the support rod by ?lament support 28. 
In the preferred embodiment the ?lament 20 serves two 
functions. First, the ?lament 20 acts as a counter elec 
trode and is electrically charged to, with other electri 
cally charged components of the apparatus 10, create an 
electrical ?eld within the chamber 15. Second, the ?la 
ment 20 provides a source of heat for the creation of 
activated chemical species. Alternatively, a ?lament or 
non-?lament counter electrode could be used which 
could be heated by means other than electric current. 
Additionally, a separate source of activated chemical 
species could be employed such that the counter elec 
trode could be used merely in the generation of the 
electric ?eld. Such separate source of activated species 
could include direct current plasma processes, micro 
wave plasma generators, glow discharge processes, or a 
separate source of heat, which could be, for example, a 
separate ?lament. Moreover, additional and/or other 
electrodes and sources of activated species may be em 
ployed. The speci?c composition of the activated chem 
ical species that results is not determined, however, it 
may include all or any combination of ions, radicals, 
molecules, atoms, electrons and/or radical ions. 
The ?lament is to be heated to a temperature of ap 

proximately twenty-four hundred degrees Kelvin for 
the dissociation of a gas into activated chemical species 
used in the deposition process. Such temperature is 
generally where maximum growth of diamond crystals 
has been observed. Other temperatures may be used. 
About seventeen hundred degrees Celcius is generally 
considered to be‘ a minimum temperature for dissocia 
tion of hydrogen. In the embodiment of FIG. 1, tung 
sten is used for the ?lament although other ?lament 
materials may be used. In the preferred embodiment the 
?lament 211 is heated by passing an electric current 
through it. The electric current is provided by a ?la 
ment current supply 26 connected to the filament 20 by ' 
electrical conductors. In FIG. 1, electrical conductors 
and electrical components are shown schematically.‘ 
The ?lament current supply 26 is connected to the ?la 
ment 20 by a ?rst ?lament current conductor 21 and a 
second ?lament current conductor 23 which joins to a 
?lament current/bias conductor 29. The electrical con 
ductors from the ?lament current supply can be con 
nected directly to the ?lament 20 or may pass through 
the ?rst ?lament holder 22 and the second ?lament 
holder 24. Preferably, all of the electrical conductors 
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and connections of the apparatus 10 are insulated from 
the support rod 18 and the container 19. The ?lament 
current supply may generate direct or alternating cur 
rent suf?cient for generating enough heat in the ?la 
ment 20, due to its electrical resistivity, to reach a tem 
perature sufficient to dissociate the gas into activated 
species needed for the deposition process. A ?lament 
bias supply 27 is provided to electrically charge the 
?lament 20. The ?lament bias supply is electrically 
connected to the ?lament 20 through a ?lament bias 
conductor 25 and the ?lament current bias conductor 
29. 
A grid 30 extends within the deposition chamber 15 

to divide the deposition chamber 15 into a ?rst chamber 
region 11 and a second chamber region 13. There may 
be some connection between the chamber regions 11 
and 13 around the edges of the grid 30 or grid 30 may 
extend all the way to the container wall 16. The grid 30 
is electrically insulated from the support rod 18. A grid 
bias supply 37 is provided to electrically charge the grid 
30. The grid bias supply 37 is electrically connected to 
the grid 30 by a grid bias conductor 39. An aperture 32 
is formed in the grid plate 30 so that charged species can 
pass from the ?rst chamber region 11 into the second 
chamber region 13 to be deposited on the substrate 40 
for making diamond. The substrate 40 is supported by a 
substrate support 48 which is connected to the support 
rod 18. 
A substrate bias supply 47 is provided to electrically 

charge the substrate 40. The substrate bias supply 47 is 
electrically connected to the substrate 40 through a 
substrate bias conductor 49. An ammeter 46 is placed in 
series with the substrate bias conductor 49 for monitor 
ing any electrical current through the substrate bias 
conductor 49 as discussed further below. 
A substrate heater 50 is provided for maintaining the 

substrate 40 at a temperature conducive to the forma 
tion of diamond. In the preferred embodiment, the 
heater is a molybdenum resistor heater ribbon through 
which an electric current is passed. Other materials 
and/or heaters may be used. The heater 50 is supported 
between a ?rst heater holder 52 and a second heater 
holder 54 which are supported by a heater support 56 
which is attached to the support rod 18. A heater power 
supply 57 is provided to supply electric current through 
the heater 50. The heater power supply ‘57 is connected 
through the heater 50 through a ?rst heater conductor 
51 and a second heater conductor 53. _ 
A vacuum supply 74 is provided to maintain the pres 
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sure in the deposition chamber 15 at a low pressure of 50 
less than atmospheric pressure as discussed further be 
low. The vacuum supply 74 is in ?uid communication 
with the deposition chamber 15 by way of a vacuum 
conduit 76. A gas supply 70 provides a precursor gas to 
the ?rst chamber region 11 by way of a gas conduit 72. 
The gas conduit 72 may be oriented to direct gas ?ow 
over the ?lament 20. As discussed below, in a preferred 
embodiment, the source gas is hydrogen and methane 
although other gases may be used. Each of the ?lament 
current supply 26, the ?lament (counter electrode) bias 
supply 27, the grid bias supply 37, the substrate bias 
supply 47, the heater power supply 57, the gas supply 70 
and the vacuum supply 74 are independently controlla 
ble. In FIG. 1, the ?lament bias supply is illustrated as 
creating a negative charge on the counter electrode 
?lament 20, the grid bias supply is shown as creating a 
positive charge on the grid plate 30 and the substrate 
bias supply is shown as inducing a positive charge on 
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6 
substrate 40, however, other combinations of polarities 
may be utilized as described below. 
The activated species are created by the dissociation 

of the hydrogen and methane gas supplied via the gas 
conduit 72 into neutral, positive and negative species by 
the heat of ?lament 20. Because the chamber 15 is not 
evacuated, but merely maintained at a low pressure, 
preferably below about thirty torr, the ions migrate or 
diffuse through the atmosphere of the chamber aided by 
the propulsion effects of the electric ?eld. The activated 
species pass through the aperture 32 in the direction of 
the arrow 17 and are deposited onto the heated sub 
strate 40, whereupon a chemical growth of diamond 
crystals results in a mesa-like deposit of diamond coat 
ing 60 proximate the aperture 32. Carbonaceous mate 
rial 68 grows away from the diamond 60 in regions 
where the hydrogen radicals have been depleted. There 
is no growth of diamond or graphite in the substrate 
area 61 where charged species do not reach the sub 
strate due to the electrical ?eld created by the grid 30, 
but hydrogen radicals do reach the substrate, their 
transport being unaffected by the ?eld. 
The apparatus 10 is a hot ?lament assisted chemical 

vapor deposition system with the grid 30 placed be 
tween the counter electrode ?lament 20 and the sub 
strate 40, so that the potential on the substrate 40 and 
the current between the ?lament 20 and the substrate 40 
can be independently controlled. The current-voltage 
characteristics of the system are similar in some respects 
to those of a vacuum tube triode, with the substrate 
acting as the anode. In the embodiment of FIGS. 1 and 
2, the separate power supplies 27, 37 and 47 are direct 
current type and control the potentials of the cathode or 
?lament 20, the grid 30, and the plate or substrate 40. 
Although only one counter electrode ?lament 20 is used 
in the preferred embodiment multiple counter elec 
trodes could be used. 

Refer now to FIG. 2 there being shown a close up 
schematic view of the geometry of certain components 
of the deposition apparatus 10. The grid 30 is a sheet of 
molybdenum foil spanning almost the entire diameter of 
the container 19. The aperture 32 is round hole having 
a diameter of approximately two millimeters. The ?la 
ment 20 is placed off center, so that direct radiation 
from the ?lament 20 does not radiate through the aper 
ture 32 to fall on the growth region of the substrate 40. 
Thus, there is no photon or molecular beam between 
the ?lament 20 and the substrate 40 created in the appa 
ratus 10 or involved in the diamond deposition process. 
The ?lament-to-substrate spacing 35 is approximately 
one centimeter, and the aperture 32 is placed approxi 
mately half way in between Other spacings and geome 
tries may be used for various conditions. Species cre 
ated at the ?lament 20 must diffuse laterally and down 
with respect to FIG. 2 through the region 11 and the 
aperture 32 to participate in the growth reaction on the 
substrate surface 41. 
The supplies 26, 27, 37, 47, 50, 70 and 74 are main“ ‘ 

tained to avoid striking a direct current plasma in cham 
ber 15. Although plasma may actually exist in the cham 
ber 15, reference herein to a plasma means the kind of 
plasma which will support thermionic emission dis 
charge propagation. With a pressure of about twenty 
six torr, it is possible to strike a plasma with as little as 
about seventy volts potential difference between nearby 
points in the system. Once a plasma is struck, large 
electric currents occur which may continue even if the 
voltages are then reduced. The ammeter 46 is used to 
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monitor the electric current through the substrate 40 to 
insure that plasma conditions are avoided. 
The relatively small size of the aperture 32 allows the 

conductance therethrough of relatively few charged 
species and thus the magnitude of the plate current 
detected by the ammeter 46 should be relatively small. 
With the grid 30 removed, plate currents on the order 
of milliamperes may exist. With the grid 30 in place, and 
with the ratio of the aperture 32 area to the total grid 30 
area at about 2.5X 10-3, plate currents are reduced to 
the microampere range. The entire apparatus 10 or the 
container 19 may be placed inside a grounded steel 
hood (not shown) to exclude extraneous electric ?elds. 
For a given ?lament 20 potential the plate current 

will vary as a function of grid 30 potential and the sub 
strate potential For current caused by the transport of 
negative species the plate current will be zero unless the 
grid potential is more positive than the ?lament poten 
tial and the substrate potential is more positive than the 
grid potential. The plate current is due to the transport 
of electrons and its magnitude is indicative to some 
extent of the rate of transport of activated species to the 
substrate. As the grid potential is increased, the plate 
current reaches a maximum at speci?c grid potentials 
that depend on the selected value of the substrate poten 
tial. The plate current is zero when the grid potential is 
either greater than the substrate potential or less than 
the ?lament potential. When the substrate potential is 
greater than the ?lament potential, electrons from the 
?lament 20 can reach the substrate 40 by transport 
through the electric ?eld created by the potential of the 
components of apparatus 10. The rate of transport of 
electrons and other species is modulated by applying a 
potential to the grid. If the substrate potential is greater 
than the grid potential, then current flows. Where the 
grid potential is outside the range between the ?lament 
potential and the substrate potential, the charge carriers 
encounter a repulsive electric ?eld, and no plate current 
is observed. 

It is important to note that both positive and negative 
charge carriers emitted from the ?lament are repelled 
from the plate or substrate 40 whenever the grid poten 
tial is outside of the range between the substrate poten 
tial and the ?lament potential. Thus with the apparatus 
10, the transport of charged species may be controlled 
such that only neutral species reach the substrate 40, or 
such that neutrals plus negative (if the substrate poten 
tial is greater than the ?lament potential) or neutrals 
plus positive (if the substrate potential is less than the 
?lament potential) charged species reach the substrate 
40 and are available to participate in the diamond 
growth reaction. 

Refer now to FIG. 3 there being shown another em 
bodiment of the invention wherein a grid 130 is a rod 
rather than a plate with an aperture. The rod 130 is 
extending into the plane of FIG. 3. In this embodiment, 
the activated species diffuse in the direction of arrow 
135 and are accelerated away from the grid 130 so that 
the diamond ?lm 160 formed on the substrate 148 in the 
proximity of the grid 130 is suppressed. Therefore, there 
is a region 163 of the diamond deposit 160 in the prox 
imity of the grid 130 which is relatively thin with re 
spect to the remote regions 165 of the diamond deposit 
160. Due to the de?ection of ions from region 130, 
region 167 directly surrounding the thin region 163 may 
be relatively thick with respect to the remote regions 
165 of the diamond material 160. 

15 
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Refer now to FIG. 4 which illustrates a cutting tool 

corner 80 having a hard coating such as diamond 92 
applied thereto. In many prior art processes, the hard 
coating 92 may have a relatively uniform thickness in 
the regions 94 remote from corners, however, have a 
relatively thick portion 90 at the location of the corners 
or edges. This results in a nonuniform thickness of the 
hard coating 92. The thick region or bulb 90 may be 
physically weaker than the normal regions 94 and may 
lead to premature breakdown of the hard coating 92 and 
dullness of the cutting tool edge 80. In addition, the 
presence of the bulb 90 may affect the dimensional 
accuracy of the workpiece being cut by the cutting tool 
edge 80 and may result in unacceptable dimensions in 
the workpiece. ' 

Refer now to FIG. 5 wherein the present invention is 
utilized to form a hard coating at the cutting tool edge 
80 which is more uniform in thickness than the coating 
92 of FIG. 4. A grid 195 is positioned in the proximity 
of the cutting tool corner 80 to suppress the growth of 
the coating as discussed above. The direction of the 

. diffusion of the activated species may be chosen over a 

25 

30 

range of angles such as, for example, the direction of the 
arrows 191 and 193 of FIG. 5, or other directions as 
may be suitable for the particular geometry of the cut 
ting tool edge 80. Due to the effect of the suppression of 
the coating caused by the presence of the grid 195, the 
growth of the coating at the corner 192 is suppressed 
and is closer to or equal to the thickness of the remote 

- regions 194. 
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' pattern of apertures and grids may be chosen, for exam.- ' 
,ple, to coat a ,desired pattern of diamond onto an elec 
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In operation of the apparatus 10, the prepared sub 
strate 40 is placed in position with respect to the grid 30 
and the aperture 32. The container 19 is closed and the 
vacuum supply 74 is operated to decrease the pressure 
in the chamber 15 to a desired pressure, preferably less 
than about thirty torr. The heater power supply 57 is 
controlled to heat the ribbon 50 to the desired tempera 
ture, preferably about eight hundred degrees Celcius. 
The ?lament current supply 26 is controlled to heat the 
?lament to a desired temperature, preferably about 
twenty four hundred degrees Kelvin. The gas supply 70 
is controlled to provide a suitable gas such as hydrogen 
and methane. The three electrodes, counter electrode 
?lament 20, grid 30 and substrate 40, are electrically 
charged by the ?lament bias supply 27, the grid bias 
supply 37 and the substrate bias supply 47 to create an 
electric ?eld. The gas is dissociated at the hot ?lament 
20 into activated- chemical species that are transported 
with the aid of the electric ?eld through the aperture 32 
to the surface of the heated substrate 40 where diamond 
crystal formation occurs. The grid 30 may be a single 
grid or may include a number of grids placed side by 
side, in a single plane or on different planes. The grids 
may be planar, rod-like and/or other geometric shapes 
and combinations thereof. The apertures of the grids 
may form a desired pattern for coating a substrate. The 

trio device such as, for example, an integrated circuit. 
The diamond deposit may serve to aid in conducting 
heat away from the device to a heat sink and may also 
act as an electrical insulator or semiconductor. The bias 
of the various grids may be controlled individually to 
achieve the desired electric ?eld. The supplies may be 
controlled to increase or decrease the rate of diamond 
growth by controlling the potential of the various re 
gions of the electric ?eld, by controlling the rate of 
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activated species creation and by controlling the tem 
perature of the substrate. 

EXAMPLE 1 

A two inch diameter copper disk substrate 40 was 
scratched with one micrometer diamond paste, then 
cleaned in hot ethanol prior to placing it in position in 
the apparatus 10. The heater power supply 57 was ad 
justed to heat the heater 50 to maintain the temperature 
of the substrate 40 at approximately eight hundred de 
grees Celsius. The ?lament bias supply 27 was adjusted 
to maintain the ?lament temperature at approximately 
twenty-four hundred degrees Kelvin. All temperatures 
were measured with an optical pyrometer. 
The source gas was commercial grade hydrogen 

containing one percent methane. The gas supply 70 was 
adjusted to admit the source gas at the rate of approxi 
mately sixty sccm (cubic centimeters per minute at stan 
dard conditions) into the ?rst chamber 11. The vacuum 
supply 74 was adjusted to maintain the pressure in the 
chamber 15 at approximately two to twenty-six torr. 
The ?lament bias supply 27 was adjusted to maintain a 
potential of approximately negative eight volts on the 
?lament 20. The grid bias supply 37 was adjusted to 
maintain a potential of approximately eight volts on the 
grid 30. The substrate bias supply 27 was adjusted to 
maintain a potential of approximately eighteen volts on 
the substrate 40. The apparatus 10 was run for approxi 
mately fourteen hours. A plate current of approxi 
mately two hundred and eighty picoamperes was mea 
sured by the meter 46. A deposit of translucent diamond 
crystals 60 was created on the substrate 40 proximate 
the aperture 32. A deposit of carbonaceous material was 
created on the substrate 40 in an area spaced from the 
diamond and the aperture‘. 

EXAMPLE 2 

The apparatus 10 was prepared and maintained as set 
forth in Example 1, except that the grid bias supply 37 
was adjusted to maintain the potential of the grid 30 at 
approximately twenty volts and the substrate bias sup 
ply 47 was adjusted to maintain the potential of the 
substrate 40 at approximately thirty volts. A plate cur 
rent of greater than one microampere was measured. A 
deposit of translucent diamond crystals was not created 
on the substrate 40 proximate the aperture 32. A deposit 
of carbonaceous material was created on the substrate 
40 in an area spaced from the diamond and the aperture. 

EXAMPLE 3 

The apparatus 10 was prepared and maintained as set 
forth in Example 1, except that the grid bias supply 37 
was adjusted to maintain the potential of the grid 30 at 
approximately negative ?ve volts. A plate current of 
approximately 20 picoamperes was measured. A deposit 
of translucent diamond crystals was created on the 
substrate 40 proximate the aperture 32. A deposit of 
carbonaceous material was created on the substrate 40 
in an area spaced from the diamond and the aperture. 

EXAMPLE 4 

The apparatus 10 was prepared and maintained as set 
forth in Example 1, except that the ?lament bias supply 
27 was adjusted to maintain the potential of the ?lament 
20 at approximately negative thirty-eight volts, the grid 
bias supply 37 was adjusted to maintain the potential of 
the grid 30 at approximately negative twenty volts and 
the substrate bias supply 47 was adjusted to maintain the 
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potential of the substrate 40 at approximately negative 
?ve volts. A plate current of greater than one microam 
pere was measured. A deposit of translucent diamond 
crystals was not created on the substrate 40. A deposit 
of carbonaceous material was created on the substrate 
40 in an area spaced from the aperture. 

EXAMPLE 5 

The apparatus 10 was prepared and maintained as set 
forth in Example 1, except that the grid bias supply 37 
was adjusted to maintain the potential of the grid 30 at 
approximately negative eight volts and the substrate 
has supply 47 was adjusted to maintain the potential of 
the substrate 40 at approximately ?fteen volts. A plate 
current of approximately zero was measured. A deposit 
of translucent diamond crystals was not created on the 
substrate 40. A deposit of carbonaceous material was 
created on the substrate 40 in an area spaced from the 
aperture. 

EXAMPLE 6 

The apparatus 10 was prepared and maintained as set 
forth in Example 4, except that the grid bias supply 37 
was adjusted to maintain the potential of the grid 30 at 
approximately negative twelve volts and the substrate 
bias supply 47 was adjusted to maintain the potential of 
the substrate 40 at approximately negative two and one 
half volts. A plate current of approximately two hun 
dred and twenty picoamperes was measured. A deposit 
of translucent diamond crystals was not created on the 
substrate 40. A deposit of carbonacecus material was 
created on the substrate 40 in an area spaced from the 
aperture. 

EXAMPLE 7 

The apparatus 10 was prepared and maintained as set 
forth in Example 4, except that the grid bias supply 37 
was adjusted to maintain the potential of the grid 30 at 
approximately negative ?fteen volts and the substrate 
bias supply 47 was adjusted to maintain the potential of 
the substrate 40 at approximately zero volts. A plate 
current of approximately ‘seventy picoamperes was 
measured. A deposit of translucent diamond crystals 
was created on the substrate 40 proximate the aperture 
32. A deposit of carbonaceous material was created on 
the substrate 40 in an area spaced from the diamond and 
the aperture. 

EXAMPLE 8 

The apparatus 10 was prepared and maintained as set 
forth in Example 1, except that the grid bias supply 37 
was adjusted to maintain the potential of the grid 30 at 
approximately negative eighteen volts and the substrate 
bias supply 47 was adjusted to maintain the potential of 
the substrate 40 at approximately eighteen volts. A plate 
current of approximately zero was measured. A deposit 
of translucent diamond crystals was not created on the 
substrate 40. A deposit of carbonaceous material was ' 
created on the substrate 40 in an area spaced from the 
aperture. 

EXAMPLE 9 

The apparatus 10 was prepared and maintained as set 
forth in Example 1, except that the ?lament bias supply 
27 was adjusted to maintain the potential of the ?lament 
20 at approximately eight volts, the grid bias supply 37 
was adjusted to maintain the potential of the grid 30 at 
approximately negative two volts and the substrate bias 
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supply 47 was adjusted to maintain the potential of the 
substrate 40 at approximately negative eighteen volts. A 
plate current of less than approximately negative ten 
picoamperes was measured. A deposit of translucent 
diamond crystals was not created on the substrate 40. A 
deposit of carbonaceous material was created on the 
substrate 40 in an area spaced from the aperture. 

It can be seen that deposits form only under certain 
conditions. For example, in Examples 1 and 6, similar 
currents were maintained. The substrate held at a posi 
tive potential in Example 1 accumulated a thick deposit 
of translucant diamond crystals, while the one held just 
two and one-half volts below ground potential showed 
no deposit. Thus a negative plate potential retarded 
diamond growth, even though a signi?cant current was 
?owing. 
The diamond growth increases with the plate current 

when the substrate is grounded or positively charged. 
Examples 1 and 3 were carried out with plate currents 
of two hundred and eighty and 20 picoamperes, respec 
tively. A visibly heavier deposit formed in the Example 
1 at the higher current. When the plate current was 
completely suppressed in Example 5, no diamond de 
posit was formed. In reverse bias with the substrate 
potential less than the ?lament potential in Example 9, 
no electrons flow to the plate, but positive ions do. 
Under these conditions no visible deposit was observed 
on the substrate. Thus, by controlling the voltages of 
the various components, the deposition rate may be 
controlled. 

In addition to the diamond deposit, which forms only 
proximate the aperture 32, an annular black carbona 
ceous material deposit 68, centered about the aperture 
32, was always observed, whether or not diamond 
formed. 

In the examples, no growth was observed under con 
ditions of negative substrate bias, even when plate cur 
rent was impressed. Second, no growth was observed 
under conditions of zero plate current, even when posi 
tive substrate bias was applied. The amount of deposit 
observed increases with the current through the plate. 
Stated in a positive sense, diamond grow&:h occurs 
only when both the substrate is positive or neutral, and 
a current of negative species ?ows to the substrate. 
Diamond ?lms 60 form only under conditions of 

positive or neutral substrate potential, and only in the 
presence of negative charge carriers from the ?lament. 
The annular carbon material 68, possibly graphite, 
forms in the region away from the aperture 32, where 
atomic hydrogen is suf?ciently depleted A zone 61 is 
centered about the aperture 32 where no material 68 is 
deposited. The presence of this material 68 free zone 61 
is an indication that'the mass transport of neutral mole 
cules is not strongly affected by the bias conditions of 
the apparatus 10. 

In the Examples, diamond 60 forms by a mechanism 
involving a negatively charged species, or negative ions 
formed at the ?lament surface. Prior known proposed 
mechanisms do not include the existence of signi?cant 
quantities of negative species or ions in the HFCVD 
environment. Failure to form diamond in the absence of 
charged species, even with a positive charge on the 
substrate, shows that the primary growth reaction does 
not proceed entirely by a free radical mechanism. The 
lack cf growth when the substrate is negatively 
charged, even in the presence of a large plate current, 
also indicates the growth involves more than free radi 
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12 
cals and neutral molecules. Negative charged species 
likely participate in the diamond creation reaction. 

It is likely that negative ions are formed at the ?la 
ment via surface ionization and possible that the growth 
proceeds by an ionic mechanism. The potential of the 
growing surface could affect the growth rate by in?u 
encing a charge transfer step. Whether the important 
negative species is an ion, such as methyl, or an elec 
tron, the requifement that the substrate be above a spe 
ci?c electrical potential, and the fact that growth rate 
increases with current are consistent with an electro 
chemical reaction. 

Patterns of various geometries can be shaped or pat 
terned on the substrate, by creating a nonuniform elec 
tric ?eld on or near the substrate surface. One means to 
accomplish this would be by the induction of spatially 
varying electric charges on the surface of the substrate. 
Another means would be to vary the electric ?eld 
above the substrate to direct the diffusion of ions. 

EXAMPLE 10 

The apparatus 10 was prepared and maintained as set 
forth in Example 1, except that a single-wire grid 130 
was used in place of the aperture grid 30. The grid bias 
supply 37 was adjusted to maintain the potential of the 
grid 130 at approximately ?fteen volts and the substrate 
bias supply 47 was adjusted to maintain the potential of 
the substrate 40 at approximately ?ve volts. A deposit 
of translucent diamond crystals was created uniformly 
across the substrate 40. 

EXAMPLE ll 

The apparatus 10 was prepared and maintained as set 
forth in Example 10, except that the grid bias supply 37 
was adjusted to maintain the potential of the grid 130 at 
approximately negative thirty volts. A deposit of trans 
lucent diamond crystals was created on the substrate 40 
away from but not proximate to the grid 130. 
The pattern of the deposit indicates that active spe 

cies were effectively repelled by the negatively charged 
wire grid, resulting in nonuniform coverage which rep 
licates the ?eld. 
The influence of the electric ?eld on the growth rate 

of diamond may be used for patterning the deposit, 
especially on nonmetallic substrates, which would 
allow large ?eld gradients at the growth surface. A 
spatially varying ?eld may be used to produce arrays of 
diamond mesa structures, which may facilitate semicon 
ductor device fabrication. Alternatively, vif uniform 
diamond coverage is desired, electric ?elds could be 
applied to enhance growth in regions where the con 
centration of activated species is limited. This would 
enable uniform coverage over large areas and compli 
cated shapes. A further application of the electric bias is 
.to produce high growth rates of diamond by adopting 
bias conditions of high current. 
The above description and drawings are only illustra- ‘ 

tive of preferred embodiments which achieve the ob 
jects, features and advantages of the present invention, 
and it is not intended that the present invention be lim 
ited thereto. Any modi?cation of the present invention 
which comes within the spirit and scope of the follow 
ing claims is considered part of the present invention. 
What is claimed as new and desired to be protected 

by Letters Patent of the United States is: 
1. A method for depositing patterns of diamond on a 

substrate, comprising the steps of: 
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providing a diamond deposition apparatus having a 
?rst and a second chamber separated by a grid 
having a pattern which allows the passage of atoms 
and/or molecules between said ?rst and second 
chambers; 

evacuating said diamond deposition apparatus to sub 
atmospheric pressure; 

introducing a gas containing a diamond forming spe 
cies into said ?rst chamber said diamond deposition 
apparatus; 

positioning a substrate in said second chamber proxi 
mate to said grid; 

maintaining said substrate at a temperature suitable 
for diamond formation from said diamond forming 
species in said gas; ' 

creating an electric ?eld in said diamond deposition 
apparatus by impressing a ?rst electrical bias on an 
electrode positioned in said ?rst chamber of said 
diamond deposition apparatus, impressing a second 
electrical bias on said grid, and impressing a third 
electrical bias on said substrate in said second 
chamber of said diamond deposition apparatus; and 

controlling said ?rst, second, and third electrical 
biases to allow activated species in said ?rst cham 
ber of said diamond deposition apparatus to pass 
from said ?rst chamber to said second chamber and 
be deposited on selected regions of said substrate 
which re?ect said pattern of said grid. 

2. A method as recited in claim 1 wherein said step of 
introducing a gas containing a diamond forming species 
into said ?rst chamber includes the steps of 

providing a heatable element in said ?rst chamber of 
said diamond apparatus capable of dissociating a 
carbon compound into a charged, activated 
diamond forming species; 

supplying a gas containing carbon compounds to said 
?rst chamber of said diamond forming apparatus; 
and 

heatingsaid heatable element to a temperature suf? 
cient to dissociate said carbon compounds into 
charged, activated diamond forming species. 

3. A method as recited in claim 2 wherein said heat 
able element used in said step of introducing a gas con 
taining an activated carbon containing species into said 
?rst chamber is also the electrode in said ?rst chamber 
used in said step of creating an electric ?eld in said 
diamond deposition apparatus. 

4. A method as recited in claim 1 wherein said pattern 
of said grid includes at least one aperture. 

5. A method as recited in claim 1 wherein said pattern 
of said grid is one or more rods. 

6. A method as recited in claim 1 wherein said step of 
controlling said ?rst, second, and third electrical biases 
includes the step of negatively biasing said electrode in 
said ?rst chamber, biasing said grid to more positive, 
than said electrode, and biasing said substrate more 
positive than said grid. 

7. A method as recited in claim 1, wherein said step of 
evacuating said diamond deposition apparatus and said 
step of creating an electric ?eld are maintained to sup 
press thermionic emission current to the substrate. 

8. A method as recited in claim 1 wherein said gas in 
said introducing step includes hydrogen. 

9. A method as recited in claim 1 wherein said gas in 
said introducing step includes methane. 

10. A method as recited in claim 1 wherein said gas in 
said introducing step is hydrogen containing about one 
percent methane. 

11. A method as recited in claim 1 wherein said sub 
strate is a component of an electronic device. 
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12. A method as in claim 11 wherein said device is a 

semi-conductor device. 
13. A method as in claim 11 wherein the deposit is 

formed on at least one region of said device to provide 
electrical insulation for components of said device. 

14. A method as in claim 13 wherein the deposit is 
formed in at least one region of said device to provide 
thermal conductance to conduct heat away from said 
device. 

15. A method for depositing patterned diamond on a 
substrate in a reduced pressure atmosphere comprising 
the steps of: 

providing a grid with a preselected pattern; 
positioning a substrate below said grid; 
positioning an electrode above said grid; 
creating a ?rst electric ?eld associated with said elec 

trode; ' 

creating a second electric ?eld associated with said 
grid; 

creating a third electric ?eld associated with said 
substrate; 

introducing an activated carbon containing species 
into said ?rst electric ?eld; 

selectively directing said activated carbon containing 
species through said grid towards said substrate 
with said ?rst and said second and said third elec 
tric ?elds, to deposit a pattern of diamond on said 
substrate which reflects said preselected pattern on 
said grid. 

16. A method for depositing patterned diamond on a 
substrate in a reduced pressure atmosphere as in claim 
15 further comprising the steps of: 

creating said ?rst electric ?eld by impressing a ?rst 
electrical bias on said electrode; 

creating said second electric ?eld by impressing a 
second electrical bias on said grid; 

creating said third electric ?eld by impressing a third 
electrical bias on said substrate. 

17. A method for depositing patterned diamond on a 
substrate in a reduced pressure atmosphere as in claim 
15 further comprising the step of: 

heating said electrode to a temperature suitable to 
cause a carbon containing precursor gas to activate 
into said activated carbon containing species intro 
duced into said ?rst electric ?eld during said intro 
ducing step. 

18. A method for depositing patterned diamond on a 
substrate in a reduced pressure atmosphere as in claim 
16 further comprising the step of: 

varying said ?rst, said second or said third electrical 
biases to control the thickness of said diamond 
deposited on said substrate. 

19. A method for depositing patterned diamond on a 
substrate in a reduced pressure atmosphere as in claim 
17 wherein said precursor gas is a mixture of hydrogen 
and methane. 

20. A method for depositing patterned diamond on a 
substrate in a reduced pressure atmosphere as in claim 
16 wherein said second electrical bias is more positive 
than said ?rst electrical bias and said third electrical bias 
is more positive than said second electrical bias. 

21. A method for depositing patterned diamond on a - 
substrate in a reduced pressure atmosphere as in claim 
20 wherein said ?rst electrical bias is less than 0 volts, 
and said third electrical bias is at least 0 volts. 

22. A method for depositing patterned diamond on a 
substrate in a reduced pressure atmosphere as in claim 
15 wherein said grid has apertures extending there 
through. 

23. A method for depositing patterned diamond on a 
substrate in a reduced pressure atmosphere as in claim 
15 wherein said grid is comprised of at least one rod. 
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